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ABSTRACT
The increasing use of microwave and millim eter-wave radiation in communications and
radar, neces sitates more understanding of dielectric properties of various human tissues
for evaluation of potential hazards to human s. In this research , the dielectric properties of
human skin in vivo were measured in the frequency range of 20 - 38 GHz. Complex
reflection coeffici ents were measured by pressing the palm region of human skin in vivo
against a waveguide sensor which consists of coaxial cables, coaxial-to-rectangular
waveguide transition and Teflon ™ impedance transformer. Complex permittivities (E*)
are calculated from complex reflection coefficients (Sll) by implementing a formulation
of an open-ended rectangular waveguide radiating in to the half-space of lossy dielectric
material. Results are reported for 42 healthy volunteers which are in the age group of 19
to 40 years. This research also provides experimental design according to the protocol
guidelines given by Universiti Teknologi Mara (UiTM) ethics committee. A research
protocol was under con sideration of Medical Research and Ethics Committee of the
Ministry of Health , Malaysia from June 2003 to May 2004. Since June 2004 , a modified
version of the protocol was under consideration by the UiTM Medical Research Ethics
Committee and only been approved on April 2005 . This is the first reported result of
human skin in vivo in the frequency range of 20 - 38 GHz with statistically significant
number of volunteers (42 people from Malay cohort) in the age group of 19 - 40 years.
As per protocol , complex reflection coefficient data were measured. Then , complex
permittivities, attenuation coeffic ients and emm isivit ies were calculated in the 20 - 38
GHz frequency range. Statistical analysis was performed on the complex permittivity,
skin depth and emmisivity data. Then, mean values , standard deviations values and 95%
confidence interval values are reported at 15 chosen frequencies in the 20 - 38 GHz
range.
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CHAPTER 1
INTRODUCTION
1.1 Introduction
There are two sources of electromag ne tic wave; natur al so urces and hum an-m ade
so urces . Elec tro mag netic field s are present everywhe re in our env iro nme nt but are
invi sibl e to hum an eyes . Radi o frequ ency (RF) field s are part of the elec tro magnetic
spec trum . RF is defin ed as those within the frequency range 30 MH z-300 GHz [I] .
RF fie lds fro m natur al sources have ve ry low power densiti es. The prim e natur al source,
the sun, its RF inten sity is 0.0 1 mW /m 2 in the frequency range of 3-30 0 GI-lz. Th e
maj ority of RF field s found in the imm ediate env ironme nt are fro m hum an-m ade
so urces , ca n be found in th ree plac es; co mmunity, hom e and workpl ace [2] .
Microwaves are a sp ec ific ca tegory of radi o waves tha t fall into radio frequency
radi at ion. Rad ar , sa te llite link s and microwave communicati on s use 3 - 40 GHz, are
hum an-made so urces . So , safe ty e ffects always bein g the issue co nce rn ing the ex panding
use of mi crowave and millimeter wave techn ology, rai sin g the qu est ion whe ther thi s
techn ology ca n cause risk to hum an health .
To protect our health , there are some standa rds bein g set for man y food additives,
con cent rati on of che mica ls in wa ter or air pollu tant s. Similarly, field standa rd is se t to
limit the ove r ex pos ure to elec tromag netic field level s present in our env ironme nt. A
co untry has to se t thei r ow n guide lines and standa rds for expos ure to elec tromag netic
fie lds for the sa fety of their peopl e.
